Summary. Liver disease is a common finding after organ transplantation and might in part be due to transmission of hepatitis C virus (HCV). The aim of this study was to determine the prevalence of positive results with different anti-HCV tests and HCV-RNA in a local donor pool and to clarify to what extent HCV was transmitted to organ recipients. Serum samples from 207 consecutive organ donors were analysed retrospectively with anti-HCV ELISA (2nd and 3rd generation), anti-HCV RIBA (2nd generation) and HCV polymerase chain reaction (PCR). Organ recipients at risk were identified and followed up serologically and clinically.
Introduction
Viruses are an important cause of liver disease in organ transplant recipients. Herpes viruses such as cytomegalovirus, herpes simplex and Epstein-Barr viruses, the human immunodeficiency virus, hepatitis viruses A, B and D, the human T-cell lymphotropic virus type 1 and the protozoa Toxoplasma gondii may be transmitted by transplanted organs from the donor to the recipient.' Furthermore, shortly after its detection in 1989,2 the hepatitis C virus (HCV) was recognised as belonging to the increasing list of microbiological agents known to be transmitted in this way. Several helped to clarify the impact of HCV on liver disease after transplantation, and it became clear that HCV can be transmitted by organ donation and cause post-transplant liver disease. Since there are considerable geographic differences'-' in HCV prevalence and in HCV subtypes," the aim of this study was to identify the prevalence of anti-HCV antibodies and the HCV genome determined by polymerase chain reaction (PCR) in the donor pool of Received I4 March 1994; revised version accepted 5 May 1994. the Zurich University Hospital, which we assume is representative of this part of Western Europe. Based on these findings, we also attempted to determine to what extent HCV transmission by solid organ transplantation occurred and how HCV infection developed in organ recipients.
Materials and methods
To assess anti-HCV and HCV-RNA prevalence, serum samples from 207 consecutive cadaveric organ donors whose organs were transplanted at the Zurich University Hospital between Sept. 1, 1986 and Dec. 3 1, 1992 were analysed retrospectively. In order to restrict the study to a defined geographical area, only sera from organ donations in Switzerland were analysed and sera from donor organs shipped from abroad were excluded from the study. Sera from potential donors whose organs (for whatever reason) were not suitable for transplantation were also excluded. Sera were stored at -70°C. A 2nd generation ELISA was used to detect anti-HCV antibodies (HCV ELISA 2.0 Test System, Ortho Recipients' clinical records were checked for preoperative liver disease-defined as any disturbance in liver function tests lasting longer than 2 months-and for peri-operative blood transfusions. None of the organ recipients at risk had any evidence of pretransplantation liver disease but all had received blood transfusions perioperatively. Routinely collected preand post-operative recipient sera were analysed with 2nd generation anti-HCV tests and PCR. Recipients at risk were followed prospectively with tests of liver function. All recipients were vaccinated preoperatively against hepatitis B (HBV) and donor and recipient sera were screened for HBV markers. Acute post-operative liver disease was defined as an increase in serum levels of alanine aminotransferase to more than 2-5 times the upper limit of normal (normal level < 35 U/L) lasting < 6 months. Chronic liver disease was defined by a persistent elevation of the serum alanine aminotransferase level for > 6 months. As none of the patients followed up had symptomatic liver disease, biopsies were not justifiable and, therefore, were not performed.
Results

HC V prevalence in the donor pool
The sera of nine (4.3 YO) of 207 donors gave positive results with 2nd generation anti-HCV ELISA. Four of these nine sera (1.9 % of all 207 donors) were confirmed as anti-HCV-positive with the Chiron RIBA anti-HCV strip immunoblot confirmation assay. All four sera reacted with c22, c33 and cl00 HCV proteins. The remaining five sera of the nine repeatedly anti-HCV ELISA-positive donor sera showed no detectable bands in Chiron RIBA anti-HCV. Three (1.4% of all sera) of the four RIBA-confirmed anti-HCV positive donors were also HCV-RNA positive as determined by PCR. Two hundred and four donor sera were HCV-RNA negative. Hence, one of four anti-HCV RIBA-confirmed positive donors with no detectable viraemia was PCR negative. All 207 donor sera were re-tested with 3rd generation Ortho anti-HCV ELISA. Ten (443%) of 207 donors gave repeatedly positive results; nine of them were also positive in 2nd generation anti-HCV tests. One donor serum was 3rd generation anti-HCV ELISA-positive but 2nd generation anti-HCV ELISA-negative and also gave negative results in anti-HCV RIBA and HCV-RNA tests. A summary of the serological profiles of donor sera is given in table I.
Transmission of HCV
Of the four anti-HCV RIBA confirmed positive donors, nine organs (six kidneys, two hearts and one pancreas), were transplanted into eight recipients. None of the recipients had any evidence for pretransplant liver disease and all recipients gave negative results before transplantation for anti-HCV and HCV-RNA. All were HBsAg-negative and anti-HBs positive, reflecting vaccination against HBV. In six recipients, prospective serological and clinical followup was possible and in two recipients (Kl, K2) no follow-up sera were available and evaluation was, therefore, based on biochemistry results and clinical records only. Four of these six recipients at risk with full serological follow-up gave anti-HCV positive results after transplantation and four of six were also HCV-RNA positive. After a median follow-up of 32 months (range 4-72 months), acute liver disease was observed in two (H2, K5) of eight patients at risk and mild asymptomatic chronic liver disease developed in two other patients (K3, K4). Table I1 summarises the observations in the patients at risk.
Serological follow up
During the study period, two kidneys were transplanted from a donor (D4) whose anti-HCV and HCV RNA test results were discovered to be positive on the day after transplantation. The donor had normal liver function tests and no history of liver disease was known. Pre-operatively, both recipients (K5, K6) did not have any evidence of liver disease and gave negative results for anti-HCV and HCV-RNA. One recipient (K5) showed an isolated increase in alanine aminotransferase reaching a maximum of 290 U/L between day 10 and day 20 after transplantation. Apart from this one occurrence, both recipients showed no post-transplantation liver disease. Both were tested at least monthly for anti-HCV and for HCV-RNA for the first 12 months. Two and 12 days after transplantation HCV-RNA was detectable by PCR and persisted for the duration of follow up whereas anti-HCV seroconversion took place only 8 and 9 months after transplantation and persisted in the subsequent controls.
Discussion
The prevalence of hepatitis C virus in the population depends among other things, on geographical and socio-economic elements.l23 l3 In Switzerland, a confirmed anti-HCV prevalence among healthy volunteer blood donors of 0.3 YO has been reported14 and in the local organ donor pool, an anti-HCV prevalence of 1.9 YO was found. This finding is similar to reports from North America where an anti-HCV prevalence among organ donors of 1-8 O/ O was r e p~r t e d .~
The finding that anti-HCV prevalence is higher among organ donors than among healthy blood donors reflects the fact that organ donors are more likely to belong to socioeconomic risk groups for HCV infection.
Four of nine 2nd generation ELISA positive test results in donors were confirmed by RIBA, and three of four RIBA-confirmed results were also PCR positive. In terms of HCV transmission from the organ donor to the recipient, detectable viraemia appears to be the crucial finding. In this study, HCV transmission occurred through PCR positive donors only. However, due to the small number of recipients at risk, no conclusion in terms of organ specificity of HCV transmission can be drawn from this study.
Many studies have shown that RIBA positivity is strongly correlated to HCV viraemia and with the occurrence of HCV infection in the recipient. Therefore, we propose that a confirmation test with an immunoblot assay should be used to prevent organ wastage and this study suggests that the rate of anti-HCV positive, non-viraemic donors could be reduced to 0.5% by the use of a confirmation test. The disadvantages of such a policy, in particular the additional cost for the test kit and the time required to perform the test are justifiable, in our view, considering the increasing need for donated organs. The absence of HCV-RNA positive but anti-HCV negative test results in the investigated donors proves that confirmed 2nd generation anti-HCV tests can be used safely for an assessment of the donor's HCV status. However, assessing the HCV status in immunocompromised people might be more complex, as illustrated by the findings in patients K5 and K6-where HCV-RNA was detectable within a few days of transplantation, whereas seroconversion occurred several months later without any association with clinical symptoms. In contrast, seroconversion in non-immunosuppressed people is known to take place in the first few weeksl2'l5 after viral infection. This finding supports the hypothesis that immunosuppression alters the ability to mount an immune response against HCV infection, not only following liver transp1antationl6 but also following kidney transplantation.
and confirmed by our observations, HCV infection can be transmitted by solid organ transplantation and cause acute and chronic liver disease in the recipient. Two recipients had temporarily elevated transaminases (defined here as acute liver disease) which resolved spontaneously and another two recipients showed a persistent elevation of liver function tests but were clinically asymptomatic. Symptoms of HCV infection may range from asymptomatic viraemia to cirrhosis and liver failure, and disease may require a long time to develop. The number of patients exposed to the risk of HCV infection in this study was small and follow-up time was between 4 and 72 months. Therefore, the lack of severe consequences within this relatively short observation period after virus transmission does not As has been outlined by permit the prediction of future disease development. However, it shows that kidneys and hearts from HCVpositive donors can be transplanted successfully without causing serious short-term effects.
While it has become standard practice to accept organs from HCV-positive donors for life-saving emergency indications in liver, lung and heart transplantation, further specific use of these organs-as in anti-HCV-positive recipients or transplant candidates with predictable limited life expectancy-has to be evaluated. In countries with a high prevalence of anti-HCV in the general population, the option of transplantation of organs from anti-HCV-positive donors to anti-HCV-positive recipients has to be examined. Preliminary results from a retrospective study in kidney recipients1' indicate that anti-HCV-positive kidneys can be transplanted safely into anti-HCVpositive recipients. On the other hand, the long-term follow-up under the influence of chronic immunosuppression remains unknown. It has also to be considered that the anti-HCV antibodies detected by the currently used tests do not confer immunity1* and
